Prospective data on depressive symptoms and blood pressure (BP) are scarce, and the impact of age on this association is poorly understood. The present study examines longitudinal trajectories of depressive episodes and the probability of hypertension associated with these trajectories over time. Participants were 6,889 men and 3,413 women London based civil servants, aged 35-55 years at baseline, followed for 24 years between 1985 and 2009.
INTRODUCTION
The impact of depression on the development and prognosis of chronic diseases such as coronary heart disease (CHD) has attracted significant research attention in recent years. In healthy populations, long-term prospective studies have found depression to be associated with the development of CHD, independently of other coronary risk factors. [1] [2] [3] Successive metaanalyses 1, 4, 5 show a pooled relative risk between 1.6 and 1.8 for incident CHD in subjects with depressive symptoms or diagnosed depression. However, the mechanisms underlying the association between depressive disorders and CHD remain unclear.
Hypertension or high blood pressure (BP) often accompanies psychological stress 6 and has therefore been posited as a candidate mechanism for the depression-CHD link 7 . Several studies have examined the association between depressive disorder (or symptoms) and blood pressure, but the findings are mixed. While some studies found an association between increased BP / hypertension and depression symptoms, [8] [9] [10] [11] others reported no such association 12, 13 or found an inverse association such that lower blood pressure was observed in depressed patients 9, [14] [15] [16] [17] [18] . However, most of these studies have important limitations, such as a cross-sectional design 9, 15, 16, [18] [19] [20] , low statistical power, a restricted age range (elderly populations) 16, 17, 19, 20 , or lack of repeated measures for blood pressure or depression 8, 9, 15, 16, 18, 19 .
The present study takes advantage of five waves of medical screening data from the British Whitehall II study to examine prospectively the associations between trajectories of depressive episodes assessed at five points in time over a 24-year period with hypertension assessed at five clinical examinations over the same period of follow-up.
MATERIAL & METHODS
Data are drawn from the Whitehall II study, established in 1985 as a longitudinal study to examine the socioeconomic gradient in health and disease among 10,308 civil servants (6, 895 men and 3,413 women). All civil servants aged 35- 
Measures
Assessment of depressive episodes at phases 1, 3, 5, 7, 9
The General Health Questionnaire is used to detect minor psychiatric disorders in nonpsychiatric populations 21 . Symptoms of depression were measured using a four-item scale (Cronbach α=0.88) derived from the 30-item GHQ, which has been validated within the Whitehall II study 22 based on principal components factor analysis and a comparison with the seven-item severe depression subscale from the 28-item GHQ 23 . At each phase, respondents were considered as having depressive episode if they scored 4 or more on the depression subscale or reported the use of prescribed antidepressant medication 23 .
Assessment of hypertension at phases 1, 3, 5, 7, 9
Systolic BP (SBP) and diastolic BP (DBP) were measured twice in the sitting position after 5 minutes of rest with the Hawksley random-zero sphygmomanometer at phases 1, 3, and 5
and OMRON HEM 907 at phases 7 and 9 24 . For the analyses, hypertension was defined according to the seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (systolic/diastolic >=140/90 mm Hg or use of antihypertensive medication) 25 .
Age as time scale
As we wanted to model the age-related probability of hypertension as a function of depressive-episodes-trajectory groups, we used age rather than the phase of data collection as the time scale in the longitudinal analysis (i.e., the age recorded for each participant at the time of each phase). Participants were 35-55 years old at phase 1 (baseline) and 55-80 years old at phase 9. This implies that the participants provided data across the whole age range (35-80) as a function of their age between the baseline and the last follow-up. To allow estimates of the probability of hypertension as a function of age, we created five-year age categories as follows: 
Covariates

Sociodemographic measures
Sociodemographic measures included sex, ethnicity, marital status and socioeconomic status (SES) assessed by British civil service grade of employment taken from the baseline (phase 1) questionnaire.
Biobehavioural risk factors
Biobehavioural risk factors were assessed using responses to the baseline (phase 1) questionnaire and categorised as follows: smoking status (never, former, and current), physical activity (≥1.5 or <1. Second, we examined differences in the two trajectory groups (defined by depressive episodes) as a function of baseline sociodemographic and biobehavioral covariates using the chi-square statistic and a one way analysis of variance.
Third, we examined associations between covariates and hypertension status at baseline and over the follow-up period by fitting longitudinal logistic regression models implemented with generalized estimating equations (GEEs) 27 . In these models, the dependent variables were the five repeated measures of hypertension over the 24-year period of follow-up. Separate models were fitted that estimated an effect of age, modelled as a 5-year increase in age, and sex together with their interaction. Subsequent models additionally included: 1) the sociodemographic and biobehavioral covariates, and 2) the interactions between each covariate and age. Only associations with a p<0.05 were retained as covariates in subsequent analyses.
Fourth, to examine the association between trajectory groups (defined by depressive episodes) and hypertension over the follow-up period, we fitted four sequential longitudinal logistic regression models using GEEs. In model 1, age, trajectory groups, interaction term between trajectory groups and age were the predictor variables, adjusting for sex, interaction between sex and age, ethnicity and socioeconomic status. 
RESULTS
Prevalence of depressive episodes and hypertension across phases
The prevalence of depressive episodes remained largely unchanged across the study phases (not shown in the tables): 13.9% at phase 1 (baseline), 11.6% at phase 3, 13.9% at phase 5, 14.1% at phase 7 and 12.1% at phase 9 (p=0.372). In contrast, there was a clear increase in the prevalence of hypertension over the course of the study: 19.3% at Phase 1, 17.9% at phase 3, 27.1% at phase 5, 39.5% at phase 7, and 46.8% at phase 9 (p<0.001)(not shown in the tables). Table 1 presents the baseline characteristics of the two trajectory groups. Compared to the "low/transient depression" group, participants in the "increasing depression" group had lower BMI, were younger, less physically active, more likely to be female, more likely not to be married/cohabiting, high alcohol consumers, and from the lower SES group (all p≤0.022).
Trajectory groups (defined by depressive episodes) and baseline characteristics
Baseline covariates and risk of hypertension over time Table S1 shows the associations between baseline covariates, their interaction with time (here age) and hypertension over time (please see http://hyper.ahajournals.org, Table S1 ). The odds ratio (OR) for age was 1.36 (p<0.001) indicating that the odds for hypertension increased by 36% for every five-year increase in age over the follow-up. At ages 35-39, women had lower odds for hypertension than men (p<0.001) but it increased more rapidly with age in women than in men (an excess increase of 9% for every five-year increase in age, p<0.001). Non-white (p<0.01), non-married/cohabiting (p<0.001) and low SES participants (p<0.001) had higher odds for hypertension at ages 35-39, but for the latter two covariates, the increased odds for hypertension overtime decreased by 5% and 4% respectively for every five-year increase in age.
Current smokers had lower odds of hypertension at ages 35-39 (p<0.01), but they experienced greater increase over time compared to those who had never smoked (an excess increase of 6%
for every five-year increase in age, p<0.01). Participants above the lowest weight category had higher odds ratios for hypertension (p≤ 0.001) and there was a suggestion that these increased with age. Participants with high total blood cholesterol level had higher odds for hypertension (p< 0.001) and this did not differ by age. Participants with a history of cancer at ages 35-39 have a much reduced odds of hypertension (p<0.01) it increased by 17% for every 5 years increase in age (p<0.05). and S3] show that the probability of hypertension in the low/transient and increasing depressive episode groups increased with increasing age, but with the size of the increase differing between the groups. Thus, the probability for hypertension between the ages of 35 and 55 years was slightly lower among participants in the "increasing depression" group, both in men and women, compared to those in the "low/transient depression" group. However, at ages 50-54 the prevalence of hypertension increased more rapidly among men in the "increasing depression"
Trajectory groups (defined by depressive episodes) and risk of hypertension over time
group, leading to higher probability of hypertension at the end of the follow-up in this group. In women, this seems to occur much later.
Sensitivity analysis
In order to test the robustness of our findings, we undertook several sensitivity analyses.
First, we excluded the use of antidepressant and antihypertensive medications from the definition of depressive episode (a score ≥ 4 on the depressive symptoms scale) and hypertension (systolic/diastolic blood pressure ≥ 140/90 mm Hg) respectively. In analysis adjusted for covariates, as in Model 4 of the main analyses, we found a similar pattern of associations to that reported in the main analysis. Participants in the "increasing depression"
group had reduced odds of hypertension at ages 35-39 (OR=0.69, p<0.01) compared to those in the "low/transient depression" group. However, this group experienced a greater increase in the risk for hypertension with advancing age; an excess increase of 7% (p<0.01) for every five-year increase in age.
Secondly, we excluded participants using antidepressant and antihypertensive medications from the analyses (n observations = 28024) and found the associations to be close to those reported in the main analysis and the first sensitivity analysis. Here again, participants in the "increasing depression" group had reduced odds for hypertension at ages 35-39, (OR=0.69, p<0.05) compared to those in the "low/transient depression" group. However, this group experienced a greater increase in the risk for hypertension with advancing age; an excess increase of 8% (p<0.05) for every five-year increase in age. These findings suggest that the associations observed in the main analysis are unlikely to be driven by antidepressant and/or antihypertensive medications.
Thirdly, we undertook further analysis using an alternative definition of depressive episodes trajectories. This was based on the number of depressive episodes over the five assessments, calculated for each participant. Longitudinal logistic regression analyses with GEE revealed that participants with 3-5 depressive episodes had a slightly lower odds of hypertension at ages 35-39 (0.70, 95% CI 0.53-0.94) compared to those with no depressive episodes, but a steeper increase in risk with advancing age (excess odds 9%, 95% CI 3-15 for each five-year increase in age). No difference in the risk of hypertension was observed between participants with 1-2 depressive episodes and those with no such episodes. These results are highly consistent with those reported in the main analyses using trajectories of depressive episodes, demonstrating the importance of recurrent or chronic depressive symptoms for hypertension risk
DISCUSSION
In this study, we sought to examine longitudinal associations between trajectories of depressive episodes and risk of hypertension, both assessed five times over a 24-year follow-up period. In the longitudinal analysis, adjusted for sociodemographic characteristics, participants in the "increasing depression" group had a 25% lower risk of hypertension at ages 35-39 when compared to those in the "low/transient depression" group. However, there was a faster agerelated increase in hypertension in the "increasing depression" group, corresponding to a 7% greater increase in the odds of hypertension for every five-year increase in age. Thus, the risk of hypertension in participants in the "increasing depression" group at the end of the follow-up was substantially higher than that in the "low/transient" group. This pattern of association was observed in both men and women even though the associations were stronger in men.
Findings in context of the literature
Several studies that have examined the association of depressive disorders (and symptoms) with blood pressure have produced mixed findings [8] [9] [10] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Our data suggest that cross-sectional assessment of both depressive symptoms and hypertension may partly account for these inconsistencies in the existing literature. As far as we are aware, our study is the first to examine the associations between longitudinal patterns of depressive episodes and risk of hypertension in a large population of adults where both measures were assessed repeatedly over time. As depressive episodes tend to fluctuate over time and there is a general age-related increase in blood pressure levels, with substantial inter-individuals variation 28, 29 , it is crucial to use longitudinal data to examine the dynamics between depressive symptoms and hypertension.
Using a longitudinal modelling approach we were able to accounting for the effect of advancing age on the risk of hypertension., extending previous research where depressive symptoms at baseline were used to predict incident hypertension during the follow-up 12, 13, 30 .
Overall, in our study, the risk of hypertension associated with age increased more rapidly among participants who experienced more depressive episodes than among those with low levels of depressive episodes. This is in line with the idea that continuing psychological distress has clinically relevant physiological effects 30, 31 . Nevertheless, our finding of a low risk of hypertension before the age of 55 (in men) which increases thereafter is in contrast with other studies. A large cross-sectional study including individuals aged 20 to 89 years found no age differences in the inverse association between depression and BP 15 . In addition, a recent prospective study found that depression was associated with increased risk of hypertension in middle-aged but not in elderly individuals 11 .
Our longitudinal analysis showing a greater increase in the risk of hypertension among individuals with high depression levels over time lends support to the hypothesis that depressive disorder (or symptoms) may increase BP levels and lead to hypertension [8] [9] [10] . Several plausible mechanisms may explain this association. First, as hypertension develops over a long time span, it may be that depressive symptoms in the long-rather than the short-term influence risk of high BP or hypertension. Thus, the trend toward an increase in the odds for hypertension in participants in the "increasing depression" group could be seen as a consequence of depressive symptoms that are likely to be persistent, severe or less responsive-to-treatment. This could also explain why we observed that the risk of hypertension among men in the "increasing depression" group started to strengthen after the age of 55 years. Second, it has been proposed that depressive symptoms could be linked to hypertension through their effect on the autonomic nervous system involved in the regulation of blood pressure 32 . The effect of depressive symptoms on autonomic dysfunction could also be due to their association with other mental disorders, panic disorder in particular, rather than a direct effect 33 . Third, depressive symptoms are associated with various health-related behaviours that could then impact the risk of hypertension. However, adjustment for smoking status, physical activity, alcohol intake and BMI at baseline did not alter the results in our study. Fourth, the observed association could be due to a common cause or a confounder. For instance, with aging there is a rapid increase in the risk of a number of medical conditions, such as cancer, diabetes, heart disease, and arthritis, which are known to be associated with depression 34, 35 . It is possible that the age-related increase in chronic medical conditions among older individuals affects both the occurrence of depressive episode and hypertension, leading them to be associated when there is no causal association between the two. Finally, we cannot completely rule out the possibility of reverse causation since hypertension awareness may induce psychological distress 36 . Further research is needed to clarify the precise mechanisms through which long-term patterns of depressive episodes are related to high blood pressure and its increase over time. Longitudinal modelling of some of the covariates included in this study may also allow better exploration of the mechanisms underlying the associations we have observed.
Study limitations
In interpreting the present results, it is important to note some limitations. First, this cohort of civil servants did not include blue collar and unemployed workers; thus it is not representative of the general population limiting the generalisability of our findings. Second, our data on depressive symptoms are limited to cognitive manifestations. Given that previous studies have shown clinical depression to be a stronger predictor of coronary heart disease than depressive mood 5 , the present study may have underestimated the true association between depression and hypertension.
Despite these potential limitations, the present findings are important as this is the first large-scale study to show the longitudinal patterns in the association of depressive episodes and hypertension, both assessed repeatedly over an extended follow-up period. The study provides robust evidence to suggest that increased depressive episodes over time are associated with a higher risk of hypertension which appears to become apparent in late adulthood (age 55+).
Perspectives
Our findings suggest that cross-sectional associations between depressive episodes and blood pressure in non-elderly populations might be uninformative. There seem to be both ageand time-related patterns of depressive episodes and thus it is reasonable to assume that long-term patterns of depressive episodes over time may be more pertinent for hypertension than depressive episodes at a single point in time. Epidemiological studies with repeated measures are now widespread and our findings suggest that such data are important to examine the dynamics of the association between depressive symptoms and hypertension. In each model there are two ORs. The first estimates the association between depressive episodes trajectory groups and probability of hypertension at ages 35-39 (reference). The second estimates the proportional change in this association for every 5-years increase in age.
